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ABSTRACT 
The objective of this thesis was to detennine if northern Atlantic ~.:od (Gadus 
morhua) spawn in Trinity Bay, Newfoundland. Prior to this study, only indirect 
evidence existed for inshore spawning by cod along the northeast coast of 
Newfoundland. Research reported here confinns that Atlantic cod spawn in Trinity 
Bay, Newfoundland, during the early summer on an annual basis. This conclusion is 
supported by evidence from three lines of investigation. These are 1) the observed 
progressive maturation of inshore cod from spawning to spent condition, 2) direct 
obseiVation of a spawning aggregation of cod in Trinity Bay, and 3) the presence of 
recently spawned cod eggs($ 10 days old) in the bay. A spawning "window" in 
Trinity Bay from mid-June to early July is estimated for the period of 1991-1993. 
This timing of spawning was delayed relative to offshore spawning components of 
Atlantic cod at similar latitudes. A simple model was proposed to explain this delay 
based upon the temperature to which inshore cod were exposed during the winter. 
Predictions of oocyte development times in female Atlantic cod were in phase with 
observed spawning times. Predictions using cumulative degree-days calculated from 
monthly seawater temperatur-;; profiles were less able to explain the temporal 
component of the spawning window in Trinity Bay. 
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INTRODUCTION 
Present models of spawning by northem Atlantic cod (Gadus morhua) found 
off the northeast coast of Newfoundland, in North Atlantic Fishe\ies Organization 
(NAFO) Divisions 2J3KL, describe the reproductive behaviour of fish which 
congregate near the offshore banks. Spawning occurs in the spring, predominately 
over the continental slope off southeastern Labrador (Templeman and May 1965; 
Serebryakov 1967: Templeman 1979; Fitzpatrick and Miller 1979) at water 
temperatures usually around 2-3" C (Fitzpatrick and Miller 1979; Rose 1993). 
Hutchings eta/. (1993) demonstrated that spawning also occurs on the shelf. and 
supplied evidence of the presence of cod in spawning condition in inshore regions. 
There are anecdotal accounts of cod spawning in major Newfoundland bays 
(Thompson 1943; Graham 1922), but the occurrence has not been scientifically 
documented. This thesis provides conclusive evidence of spawning in Trinity Bay, 
and discusses the factors which affect inshore spawning. A model is offered to 
explain of why inshore spawning (summer) is delayed relative to the offshore 
spawning period (spring). 
Recent sonic tagging and tracking studies have shown that some adult northern 
cod overwinter inshore in the Random Island area of Trinity Bay (Wroblewski et a/. 
1994a,c), instead of migmting to the offshore banks during the autumn (Templeman 
and Fleming 1962; Templeman 1974, 1979; Lear 1984). These findings are supponed 
by tag and recapture studies of cod in the Random Island region by the Depanment of 
Fisheries and Oceans (Wroblewski'-'' ul. 1994<:). Also, Goddard '-'t a/. 1 11\ press), 
demonstrated that some cod use blood antifreeze glycoproteins to ovcrwimcr in < 01' C 
inshore waters. 
It is not likely that cod which remain inshore during the wilucr will travc( a 
hundred kilometres offshore to spawn in the early ~;pring. So where do these cud 
spawn? In the same inshore waters where they overwinter, perhups'! Graham (1922) 
ci1ed anecdotal reports of fishennen catching cod e>;truding eggs in Trinity Bay in the 
summer months. Thompson (1943) stated that any spawning that occurs in Trinity 
Bay takes place in May and June, and occasionally as late as August and September, 
but he did not supply any documentation of a spawning event. Templeman (1979) 
suggested that there may be some spawning of the northeast Newfound!OJ.nd stock in 
May and June on the coastal shelves, during the inshore migration. None of these 
authors were aware that spawning fish may have overwintered in the bays. 
The most recent published evidel~ce of the presence of ripe and spawning st:Jge 
adult cod in Trinity Bay during the spring is from the years 1967-68 (Huu;hings e1 a/. 
1993). Indirect evidence for inshore spawning comes from a study by Anderson et al. 
(1993), who concluded that it was unlikely that 0-group juvenile cod (mainly larvae) 
sampled in 1985 in Trinity Bay were advected in from offshore spawning locations. 
In their study, some of the highest concentrations of cod eggs sampled were from a 
station in Random Sound, in Trinity Bay (E. Dailey, DFO, St. John's, pers. comm.). 
Inshore spawning by cod has been witnessed and reported in other areas of the 
North Atlantic. McKenzie ( 1940) provided documentation of autumn spawning in 
Halifax Harbour. N. S. Cod spawning occurs annually in the fjords of Norway (Trout 
1957; Jakobsen. T. )Q87). Norwegian coastal cod usually account for approximately 
5% of total catches of Arcto-Norwegian cod (Bergstad el a/. 1987). The sh·.e of the 
stock component of Arcto-Norwegian cod that spawns on the M~re coast of Norway 
has been estimated at six-eleven million fish (God~ and Sunnan1 1984). It is apparent 
that inshore spawning is pan of the reproductive biology of Atlantic cod. It therefore 
is expected to occur in Newfoundland inshore waters. 
The first step of this investigation was to scientifically document where and 
when spawning by northern cod, Gadus morhua, occurs in the Random Island region 
of Trinity Bay. Newfoundland. Since cod spawn on the Northeast Newfoundland shelf 
in waters around 2-3' C (Fitzpatrick and Miller 1979; Rose 1993), I wished to test my 
hypothesis that inshore spawning occurs in waters > oo C, specifically where shoal 
areas intersect the seasonal thennocline (00 C isothenn). Another objective was to test 
my second hypothesis that the temperature history of cod overwintering inshore delays 
the initiation of the spawning "window" relalive to the temporal peak in offshore 
spawning for northern cod. The alternative hypotheses are :1) inshore spawning is 
random in spatial distribution, and 2) the initiation of inshore spawning is independent 
of temperature effects. 
CI-iAPTER I 
Spawning cod in commercial catches from western Trinity Bay, 1991·1992 
An investigation was undertaken to document the presence of spawning cod in 
Trinity Bay, and to define the timing of spawning. This involved sampling 
commercial cod landing:; in the Random Island area of Trinity Bay (Figure 1.1, 
1.2a,b). Data was collected during the summer months (May to September) of 1991 
and 1992. Complementary data were derived from experimental fishing in the same 
area during the spring of 1993. My purpose was to observe the progressive maturation 
of inshore cod to spawning condition. 
Methods and Materials 
Commercial landings of cod in the Random Island area were sampled during 
the summers of 1991 (May 29 to September 3) and 1992 (May 20 to August 29). 
Data collection occurred at dockside. In April, 1993, ~xperimental fishing was 
undertaken in Northwest and Southwest A.nn, near Random Island (Figure 1.2b) (doy 
of year 110-122), aboard the chartered 55' longliner, C.F. V. Northern Quest. A Oeet 
of five gillnets with a total length of 457.5 m (250 fa) was deployed. Each net was 
91.5 m (50 fa) in length, 3m (1.7 fa) in width, with 13.8 em (5.5 inch) mesh. 
Variables recorded in both data sets included date of capture, length, weight, sex, and 
gonadal condition. Length was recorded as forklength measurements (± 1 mm), and 
weight as whole wet body weight (± 50 g). State of sexual maturity was recorded 
following the criteria of Morrison (1990) (Appendix A). Fishing locations, sampling 
dates, and sexual condition of the catch are summarized in Appendices B and C. A 
maximum likelihood probit analysis was used to calculate the length at 50 % maturity 
for the commercial catch data sets, employing the PROC PRO BIT proceU.ure of SAS 
statistical software (SAS Institute 1988). The peak and range of probable spawning 
was estimated from the proportion of catch in spawning condition. 
Results and Discussion: Evidence for inshore spawning 
A total of 2656 cod were sampled from the commercial catches in 1991 and 
1992. Adult cod (defined by length at sexual maturity) underwent a progression in 
reproductive development during the spring and summer (Figure 1.3, 1.4; see 
Appendices B and C for full data presentation). In May, most of the daily samples 
were ripening. As the summer progressed, more fish entered spawning condition. The 
greatest proportion of ripe fish appeared during the month of June. In August and 
September most of the adults in the sample were spent (as defined in Appendix A). 
These spent fish in the late summer reflected the influx (inshore migration) oi post-
spawning cod from the continental shelf. 
The fish caught by experimental fishing in April1993 were abnost all stage I 
or 2 (ripening or in spawning condition) (Figure 1.5). A total of 77 cod were 
sampled, of which 23 were examined for sexual condition. These fish were caught 
near shore, in shallow, sub-zero \ ' seawater. The depth at bottom was approximately 
34m. 
The length at 50 % maturity (~~0) was calculated from the Random Island 
commercial catch data. TheM, was 41.4 em (n = 994) in 1991, and 48.3 em (n = 
1662), in 1992. The pooled M, for 1991 and 1992 is 46.1 em (n = 2656). 
This investigation of commercial catches in the Random Island area clearly 
shows the presence of cod in spawning condition in the late spring. Experimental 
fishing in the early spring of 1993 in the waters of the Random Island region reveal 
that most adults are ripening, but not yet ready to spawn (Figure 1.5). This time 
series documents the development of gonadal tissue in adult cod present in Trinity Bay 
during the spring of three consecutive years. The data suggest that Gadul morhua 
spawn in the Random Island region of Trinity Bay from late June until mid-July. 
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Figure 1.2b: The Random Jsland region of Trinity Bay, with the locations of the ichthyoplankton survey stations occupied 
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CHAPTER 2 
Hydroocoustic sur~ey for spawning cod in western Trinity Bay, 1993 
Following the analysis of commercially caught cod, the next objective was to 
observe a spawning event by cod in Trinity Bay. The previous study (Chapter 1) was 
used to set the temporal range of this survey. In both 1991 and 1992, the highest 
proportion of stage 2 (ripe/spawning) fish •.ns caught in the first half of June. 
Therefore, the timing of the survey was set for late June and early July. 
Possible spawning locations were predicted according to several criteria. 
Offshore spawning of cod o<::curs in water temperatures around 3° C (Templeman 
1979; Rose 1993). Also, adult cod held in captivity in flow-through ;eawater tanks at 
the Ocean Scienc..:.s Centre, Memorial University, spawn when water temperatures 
attain approximately 2' C (L. Crim, OSC, MUN, pers. comm.). Since gonad 
maturation in teleost fish is temperature dependent (eg. Crim 1982 and references 
therein), spawning may occur earlier in wanner water. TI1erefore, the survey focused 
on inshore areas that were > 0" C for a number of weeks. In summer the thennocline 
in Trinity Bay does not often extend below 50 m depth (Wroblewski eta/. 1993). If 
the distribution of spawning in Trinity Bay is related to hydrography and bathymetry, 
then cod would spawn over shoals that intersect the thermocline. 
Methods and Materials 
The survey for spawning aggregations of cod was conducted from June 28 to 
July 9, 1993, aboard the R. V. Shamook. A number of locations that fit the foregoing 
14 
criteria for the presence of spawning cod were examined using hydroacoustics (Figure 
l. I. 1.2a). As a control, the surrounding areas also were examined to search for 
aggregations of cod at locations other than those posed by the hypothesis. A 
Biosonics # 10.5 Ponable Sounder with a single beam transducer (120 kHz) was used. 
Acoustic data were recorded using a Biosonics # 115 Portable Chan Recorder. The 
ship's sounder. a Simrad EQlOO (38 kHz) was used to investigate depths greater than 
100m. Temperature profiles were recorded at sampling stations to a 0.001° C 
resolution, using a Sea-bird Electronics CTD, model SBE 19-03. Where spawning 
aggregations were discovered, cod were caught using the most suitable of several gear 
types: I)# 36 Yankee otter trawl with 11.3 em (4.5 inch) mesh, 2) gillnets with 13.8 
em (5.5 inch) mesh, or 3) Norwegian jiggers. For each individual the length, weight , 
sex, and go: i~il condition were recorded in the same manner as in the analysis of 
commercially caught cod (Chapter 1). In addition, blood samples were collected for 
the determination of blood plasma antifreeze levels (for methods sec Goddard et a/. 
1992). All statistical analyses were performed with SAS statistical software (SAS 
Institute 1988). The criterion for statistical signiricance in all tests was set at a level 
of a= 0.05. 
Resuiih· 
A group of spawning cod was discovered 1.8 km off Gooseberry Cove, Trinity 
Bay, over a shoal named Heart • s Ease Ledge (Figure 1.2a). The aggregation was 
detected with hydroacoustics, and an ~<".hogram of the school is provided in Figure 2.1. 
IS 
Winds were light during sampling, and the survey vessel drifted with the incoming 
tide. Mean current velocities are usually in the range of 3-5 cms" 1 (Wroblewski er al. 
!994b). The fish were aggregated at the peak of the shoal, and the school exhibited a 
very discrete edge. Some of these cod were actively spawning; individual males had 
running rriilt and females were extruding hydrated eggs as they were brought aboard 
the research vessel. Both mature and immature cod were present. All fish sampled 
from this assemblage were caught at depths shallower than 45 m. Water column 
tempenuure ranged from 8° Cat the surface to 2° C at the bottom (Figure 2.2). The 
spawning concentration was located primarily in the 2-4D C range (Figure 2.2, 2.2). 
This school was sampled four times over a six day period, from July 2-7. The 
proportion or individuals at each sexual stage changed over the Four sampling periods 
(Figure 2.3) (Appendix D). On the first two sampling days the combined proponion 
or ripe/spawning adults to spent/partially spent adults was 0.38, and changed to 0.16 
on the last two sampling days. The change in this ratio over the sampling period was 
signifi<:ant when tested using the log likelihood ratio test (G-test: G = 11.297, p = 
0.0008; 0,,1 = 6.068, p = 0.0102; n =53, d.f. = 1). This statistic was employed 
because it is sensitive with relatively low sample sizes (Sokal and Rohlf 1981). 
Length and weight frequency distributions of the samples from this school are 
provided in Figures 2.4 and 2.5. 
Twenty-si;.. fish were captured and taken to Memorial University's Marine 
Science Research Laboratory (MSRL), Logy Bay. Several individuals spawned in 
holding tanks several days later. Fenilized eggs were collected and hatched in the 
laboratory. Blood antifreeze glycoproteins were not detected in these spawning cod 
(S. Goddard, M.~RL. MUN, pers. comm.). 
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No other concentrations of cod were detected using hydroacoustics in the study 
area. Most of the western coast of Trinity Bay was survey("d (Figure 1.2a), together 
with a transect across the bay. However some cod were caught in Smith's Sound 
(Figure 2.1) using gillnets or jiggers (n = 22), and a capelin trap (n = 28). The 
scientific fishing licence allowed for the sampling of only 100 fish. Since the majority 
of these fish were shoner than the length at 50 % maturity (M50) calculated from the 
Random Island commercial catch data, these cod were released without being sexed. 
Two eorlier surveys conducted in the region, from April 20-May 2 (day 110-
122) aboard the C.F.V. Norther~~ Quesr (Figure 1.5), and from May 31-June 9, 1993 
(day 151-160) aboard the R.V. Shamook (C. Taggart, DFO, Sl John's, pers. cnmm.) 
did not detect spent adult cod. In these surveys, however, only fish that had died 
during collection were examined for sexual condition. 
This discovery of a spawning aggregation over Heart's Ease Ledge near 
Random Island is the first scientifically documented observation of nonhem Atlantic 
cod reproducing in Trinity Bay. This event occurred within the temporal range for 
inshore spawning estimated from commercial catch data in the reg:on, and at a 
location and ambient water temperature that were hypothesised as necessary 
environmental conditions. Prior to this discovery, only the presence of adult cod in 
17 
spawning condition had been documented, using historical data (Thompson 1943; 
Hutchings et at. 1993). No recent infonnation on the inshore spawning of cod exists. 
other than the data presented in this study. 
Discussion: Spatial distribution of inshore spawning 
The hypothesis that inshore spawning occurs in waters ~ 0° C needs to be 
tested funher. Only one spawning event was discovered in the survey. Nevertheless, 
this spawning school was discovered at a location (Heart's Ease Ledge) that fit the 
criteria of the hypothesis. No other aggregations of cod were detected by 
hydroacoustics in the study region, although areas with similar conditions ~ 2° C) 
were :;urveyed. Further field work is necessary to detennine the fine scale spatial 
distribution of spawning in the Bay. 
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Figure 2.1: Echo gram of a spawning aggregation of Atlantic cod (Gadus morhua) 
located over Heart's Ease Ledge, Trinity Bay, NF, on July 2, 1993 at 1645 hrs, NDST. 
The marks above the bottom represent cod. A Simrad EQIOO (38kHz) echosounder 
was used. Depth is recorded in metres. The research veSsel was drifting at a speed of 
approximately 10 em s·1• 
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Figure 2.2: Temperature profile near the aggregation of Atlantic 
cod (Gadus morhua) spawning near Heart's Ease Ledge, Trinity 
Bay, NF, on July 2, 1993. 
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Figure 2.3: Gonadal condition of Atlantic cod (Gadus mr.rhua) 
sampled from a spawning aggregation over Hean's Ease Ledge, 
TrinityBay,NF,fromJuly2-7, 1993. n= 117 
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Figure 2.4: Length frequency distribution of Atlantic cod 
(Gadus morhua) sampled using Norwegian jiggers from a 
spawning aggregation over Heart's Ease Ledge, Trinity Bay, 
NF, fromJuly2-7,1993. n= 121 
21 
€ 
"' -;;;
::> 
:s! 
> 
'i3 
.s 
40 
35 
30 
25 
20 
15 
10 
5 
0 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
Weight(kg) 
Figure 2.5: Weight frequency distribution of Atlantic cod 
(Gadus morhua) sampled using Norwegian jiggers from a 
spawning aggregation over Hean's Ease Ledge, Trinity Bay, 
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CHAPTER 3 
Trinity Bay ichthyoplankton surveys, 1991 and 1993 
The discovery of cod eggs and early stage larvae in the water column provides 
further evidence of spawning by Atlanric cod in the Random Island regjon. A sutvey 
of the ichthyoplankton in the Random Island region was carried out in 1991 and 1993. 
Cod eggs were present in the plankton. Back-calculations to the day of release were 
perfonned, and a spatial and temporal window of spawning was generated. This range 
was compared to the spawning window estimated from the time series of sexual 
condition in commercially caught adult cod in the Random Island area (Chapter 1). 
The possibility that cod eggs and larvae from offshore spawning drifted into the Bay 
was considered. 
Materials and Methods 
During the summer of 1991 (May to September) ichthyoplankton samples were 
collected at stations in Northwest and Southwest Ann, Trinity Bay (Figure 1.2b) at 
roughly monthly intervals. Samples were collected again from these stations June 29-
July 6, 1993, together with samples from a transect across Trinity Bay. 
lchthyoplankton samples were also obtained near the spawning aggregation of cod on 
July 2-6, 1993, near Heart's Ease Ledge. Plankton sampling was carried out with a I 
m ring net with 333 pm mesh and a 333 pm cod end. Oblique tows were carried out, 
with elapsed times that ranged from 7-25 minutes, and a tow velocity of 0.5-l.O m s·' 
(1-2 knots), with payout and retrieval rates of approximately 0.5 m s·1• Maximum 
depth was 45 m. Plankton samples were fixed in a 4 % buffered fonnalin/seawater 
solution. Cod eggs were identified to stage of development following the criteria of 
Page and Frank (1989). Date of spawning of staged cod eggs was back-calculated 
using the relationship of egg stage dur.uion to incubation temperature reported in 
Table 9 of Page and Frank (1989), 
(1) D=a(T+2)' 
where: D = egg stage duration (days) 
T = incubation temperature ec) 
a. b = egg development parame!ers estimated from regression analysis. 
Page and Frank (1989) provided separate equatiou for each egg stage. The stage-
dependent developmental parameters (a and b) used in the back-calculations were 
taken from Table 9 of Page and Frank (1989). The reported ages correspond to the 
oldest egJ!s in the sample. 
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Temperature measurements used in the above calculation originated from a 
time series of temperature profiles for 1991 and 1992 that were recorded at Station 4, 
located in Northwest Arm, Trinity Bay (48' 05' N, 53' 42' W) (Figure 1.2b; 
Wroblewski eta/. 1993). This station was selected as representative of the 
temperature field to which overwintering cod were exposed. Station 4 was sampled 
more frequently than th .:": other stations in the study, and there was little variation in 
the temperature profiles of all stations around Random Island and Random Sound 
(Figure 1.2a) (see Wroblewski eta/. 1993). 
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Early stage cod eggs cannot be discerned from early stage haddock (Melana~ 
xrammus aeglejinus) and witch flounder (Giyptocephalus cylloglossus) eggs (Fahay 
1983). Such eggs are termed "chw". Since haddock or witch flounder are very rare in 
Trinity Bay relative to cod (R. Haedrich, MUN, St. John's, pers. comm.; Anonymous 
1994), all chw eggs were considered to be cod eggs. The ag< reported for each 
sample was calculated from the oldest eggs collected at the site. and therefore 
represents a maximum possible age for the eggs from each station. Individual eggs 
from a sample may be much "younger" (as calculated from temperature~dependent 
stage duration relationships from Page and Frank 1989). 
Resulls 
Cod eggs and unidentifiable cod-haddock-witch eggs were found on all 
sampling dates, except for September, 1991 (Table 3.1 , 3.2). Abundances varied 
between stations and sampling dates. The highest concentrations were sampled from 
station 6 in Northwest Arm, on June 29, 1993. Stations 6, 7, and 8 in Northwest Arm 
usually displayed the greatest abundance of eggs in the later sampling dates (July and 
August) of both 1991 and 1993. Overall, egg abundances ranged from< lxiO·' to 
0.35 eggs·m·'. Sampling near the spawning aggregation of cod over Heart's Ease 
Ledge, July 2-6, 1993 netted early stage eggs in concentrations at the middle of this 
range (Table 3.2). Samples from the transect across Trinity Bay on July 2, 1993 
contained the lowest numbers of eggs recorded in either year, but the eggs were equal 
in age to eggs sampled in Northwest and Southwest Arm. 
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The highest proportion of young eggs was collected on the July and August 
survey dates at stations 6. 7. 8, in Northwest Ann and over the spawning aggregation 
over Hean's Ease Ledge in 1993 (Table 3. I, 3.2). The oldest eggs at these sites were 
10-17 days old. The two months of July and August also provided the youngest eggs 
(10 days) in the study. This was evident at nil stations and both sampling years. 
Back-calculations place the probable date of spawning of these eggs within the 
window for inshore spawning estimated in Chapter 2. The calculated time of origin of 
cod eggs sampled in July and August, 1991 ranges between June 30 and August 4 
(calendar day 181-216). The oldest eggs found near the spawning aggregation over 
Hean's Ease Ledge have an estimated spawning date of June 18-lune 26 (day 169-
177). 
Few cod larvae were collected in the survey. A total of 31 la!Vae and pelagic 
juveniles were caught in 1991, and in 1993 only one 22.5 mm pelagic juvenile cod 
was captured, that being near the spawning aggregation over Hean's Ease Ledge. All 
but one of the larvae collected in 1991 were less than 14.5 mm in total length. 
Eighty-one percent of the sample consisted of post-hatch larvae that were S 7.0 mm in 
length. Most individuals were caught at station 6 in August (n = 9) and September (n 
= 3). Since larval abundance in the sample was so low, it was excluded from further 
analysis. 
Discussion: Timing of inshore spawning 
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The spawning period estimated from the age of eggs is supported by 
independent studies. Methven and Badjik (1994) repor:ed that the timing of the initial 
arrival and settlement of pelagic juvenile cod in coastal regions of Trinity Bay is 
relatively consistent (usually during the last 2 weeks of August and first two weeks of 
September). These authors reported two periods of high abundance of pelagic juvenile 
cod (August-September and October-November) observed at Bellevue. at the head of 
Trinity Bay. Back-calculations to the time of spawning of the August-September 
predicts a June sp~wning date; coincident with the Trinity Bay spawning period 
estimated in this study (day 165-195). Anderson eta/. (1993) estimated spawning 
times through back-calculations from lengths of larval cod found in Trinity Bay. They 
computed peaks in cod spawning of May, 1984 (day 130-140), and late May/early 
June, 1985 (day 140·160), The authors concluded that an offshore source for these 
larvae was unlikely. and that they probably originated from inshore spawning in the 
Trinity Bay area. In contrast, Anderson (eta/. 1993) computed an April peak in 
offshore spawning for the same years. Historically, Graham (1922) and Thompson 
(1943) have reported anecdotal evidence of cod spawning in Trinity Bay during the 
summer months (day 121-181), and Hutchings era/. (1993) review reports of the 
presence of adult cod in spawning condition in May/June, 1967 (day 121-181). 
It is improbable that the young eggs found in the Random Island area were 
ndvected into the bay from offshore spawning grounds. Lear and Green (1984) 
proposed that cod eggs and larvae drift southwest from spawning an ... s on the 
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northeast Newfoundland Shelf into the bays of northeastern Newfoundland. However. 
due to time of transport, and associated thermal experience, eggs released in these 
offshore locations would have hatched and become relatively large latvue !n Trinity 
Bay. Also, the above pattern of drift suggested by Lear and Green (1984) is no!'" 
agreement with the results of numerical simulations of passively drifting eggs and 
larvae carried out by Helbig eta/. (1992). who concluded that the northeast 
Newfoundland Shelf is a more probable nursery area. The authors stated that 
favourable storm tracks were required for large numbers of eggs and larvae to be 
advected into the bays of northeastern Newfoundland. Davidson (!994) used a three-
dimensional advection-diffusion model to demonstrate that passively drifting cod eggs 
spawned near the shelf edge would be carried southward along the shelf by mean 
current flow, rather than to the coast of eastern Newfoundland. Only spawning 
locations on the Newfoundland shelf north of Cape Freels (eg 54'-55' longitude) 
would result in the drift of the majority of eggs into the bays of nonhcast 
Newfoundland. 
Another possibility is that eggs present in the Trinity Bay survey may have 
originated from offshore cod spawning during their annual inshore migration. The age 
of the eggs, together with current velocities in the region makes this alternative less 
likely than local production. Mean current velocities of 3-5 ems·• have been reported 
in the Random Island region of Trinity Bay (Yao 1986; Wroblewski eta/. 1994b). 
Given the maximum range in age of eggs in the samples (10~ 17 days). the upper limit 
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of possible drift is 73 km. This distance would place the origin of these eggs beyond 
the mouth of Trinity Bay. However, some of the lowest egg concentrations of the 
survey were found at stations TBI to T84 across Trinity Bay. If the eggs in question 
had originated from a patch at the mouth of the Bay, higher egg abundances would be 
expected in Jtations upstream along the path of drift. 
Table 3.1: Summary of cod egg abundances (10-'eggs·m·') (upper value) and ages (days) (lower value) from 
ichthyoplankton surveys in the Random Island area of Trinity Bay during the summe:-s of 1991 and 1993. The 
egg ages represent the oldest eggs in the sample. 
Sration May 1991 June 1991 July 1991 l'.ugust 1991 September 1991 July 1993 
0.01 5.70 2.81 17.1 0 28.4 
28 16 10 9 -- 10 
27.3 8.90 4.91 19.2 0 45.1 
28 22 17 15 
--
10 
5.01 5.91 7.51 36.8 0 67.1 
30 16 17 15 --- 10 
6 
--- ---
101.2 80.8 0 349.2 
17 15 10 
0 4.38 --- --- --- 75.7 
16 -- --- -- 12 
2.69 13.6 91.1 124.0 0 81.6 
28 22 17 15 --- 10 
35.7 91.1 17.4 10.0 0 
28 16 17 9 
11 -- --- -- --- 10.9 
10 
12 12.7 19.9 1.76 5.40 0 1.29 
28 22 10 9 -- 10 
14 6.70 6.84 5.55 37.8 0 9.02 
28 22 17 11 -- 10 ~ 
Table 3.2: Cod egg abundances and ages from stations near an aggregation of cod 
spawning over Heart's Ease Ledge, Trinity Bay, July 2~7, 1993. The 
egg ages represent the oldest eggs in the sample. 
Station Egg abundance Age 
oo·'m·') (Days) 
Hean's Ease Ledge (July 2) 61.1 10 
Heart's Ease Ledge Downwind 69.2 10 
Hean's Ease Ledge (July 6) 9.54 10 
Trinity Bay I 29.6 10 
Trinity Bay 2 0.64 10 
Trinity Bay 3 0.45 10 
Trinity Bay 4 0.97 10 
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CHAPTER4 
A model for inshore spawning of nortllern cod in Trinity Bay, NF 
In the previous chapters, I presented evidence for the occurrence and timing of 
spawning by cod in Trinity Bay. The proposed inshore spawning period, from mid-
June through July, occurs later than spawning over the continental shelf. Templeman 
(1979) slated thai the Labrador-East Newfoundland cod stock spawns from March 
through May, with spawning occurring later with decreasing latitude. He maintained 
that most of the spawrlog is over by June, but can be delayed in years of low 
temperatures. Cod overwintering in Trinity Bay experience lower water temperatures 
(< 0° C) (Wroblewski et at. 1994a) relative to the temperatures (0-4°C) on the 
continental shelf during the winter months (fempleman 1979; Rose 1993). I 
hypothesised that these lower temperatures may delay spawning in cod which spend 
the winter in Trinity Bay. 
To test this hypothesis a model was developed to determine if ambient 
temperature could explaih the timing of cod spawning in the Random Island region of 
Trinity Bay. Predicted times for inshore spawning were then contrasted with 
documented offshore spawning times. 
Oocyte development in cod overwintering inshore 
This model is adapted from relationships derived from laboratory studies 
reported by I<:jesbu (1993). Kjesbu developed a method to predict the initiation of 
spawning in female Atlantic cod. The technique is based upon diameter measurements 
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of the most mature oocytes as sampled by ovarian catheterization. These observations 
are then related to the time of first spawning. 
Kjesbu used regression analysis to estimate the parameters of his model (a 
negative power function) in Kjesbu (1993), such that: 
(2) 
where: y = time to commencement of spawning (days) 
x = most mature oocyte diameter (J.lm) (300 pm < x <: 7 50 pm) 
Kjesbu conducted these experiments 9" C. The time to stan of spawning (y) 
calculated from this equation was then calibrated to lower temperatures using the Q10 
rule: 
(3) 
where: R2 = develor..nental rate (days') at temperature T2 ('C) 
R1 = developmental rate (days'1) between the time of observation of a cenain 
most mature oocyte diameter and the initiation of spawning at 9g C. 
Q10 = 2.0 (after Kjesbu 1989) 
The temperature quotient (Q10) is defined as the ratio of the rate of a reaction at a 
given temperature to rate at a temperature 10' Clower (Eckert et al. 1988) 
The time to commencement of spawning in adult female cod was calculated 
using equation (2) of Kjesbu (1993), and then calibrated to lower temperatures using 
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the Q,0 rule (equation 3) (Table 4.1: Figure <l.l). The temperature measurements used 
to calculate oocyte development times in Trinity Bay originated from a time series of 
temperature profiles for 1991 and 1992 (sec Wroblewski et al. 1993) that were 
recorded at Station 4. located in Northwest Arm, Trinity Bay (48' 05' N, 53" 42' W) 
(Figure 1.2b). This station was selected as representative of the temperature field to 
which overwintering cod were exposed. Station 4 was sampled more frequently than 
the other stations in the study, and there was liule variation in the temperature profiles 
of all stations around Random Island (see Wroblewski et a/. 1993). 
Calculations demonstrate that lower ambient temperatures result in delays in 
the time of spawning. Not only does the ambient water temperature influence the 
spawning time, but the length of the exposure period is important as well. For 
example, at temperatures of 2-3° C, which approximates offshore overwintering 
thermal conditions (Templeman 1979: Rose 1993), it takes 159-171 days for an oocyte 
to grow from a diameter of 300 pm in the autumn to the onset of spawning in the 
following spring (Table 4.2). Atlantic cod initiate vitellogenesis from September to 
November (Kjesbu 1991). The aver.ge ternpemture in these waters at the thermocline 
(if present) at Station 4 in Northwest Ann, Trinity Bay. from November 1991 until the 
middle of June 1992 is 0.54° C. This value was used to calculate a spawning 
developmental period for inshore cod of 189 days (Table 4.2). This amounts to an 
estimated delay of 18-30 days when compared to the computed commencement of 
spawr1ing at 2-3° Con offshore grounds. 
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These calculations using Kjesbu 's laboratory spawning model provide support 
for the hypothesis of water temperature regulation of inshore spawning by Atlantic 
cod. Calculations were then perfonned for field data reported in Chapter 1. 
Spawning development times in the Random Island region 
With his oocyte developm'!nt model, Kjesbu (1993) demonstrated that a simple 
power function provided adequately described his laboratory growth data. However, 
in the ocean temperNure is not constant, but varies with time and depth. This 
consideration prevented the direct application of the growth parameters in Kjesbu's 
regression equation to this investigation. Therefore, an additive temperature model 
was developed because it would approximate the power function of temperature on 
growth, as evidenced in the oocyte development estimations of Kjesbu (1993). 
To investigate in more detail the hypothesis that cold inshore temperatures 
induce a temporal delay of inshore spawning, data on the water temperatures in the 
Random Island study area were compiled and summarized for the time period of 
interest (1991-1993). The number of days in the region with sea temperatures> 0° C 
during the winter and spring preceding the summer spawning season were compiled as 
cumulative degree-days. This variable is often used in the literature to measure the 
length and "quality" of the growing season. For instance, cumulative degree-days have 
been used to model the temperature regulation of growth in leaves (Stewart and Dwyer 
1994}, and to predict the generation time in insect pests (Rocket a/. 1993). 
Four assumptions were made in the degree-day calculations. First, I assumed 
that adult cod always occupied > 0° C water when present. This may not always be 
true (see Wroblewski et al. 1994b). Therefore the calculations of degree-days may 
overestimate the length of exposure of cod to positive degree seawater. Second, I 
assumed that the effect of temperature upon time to spawning is additive in nature. 
Therefoie, a cumulative degree-day model was used. 
The third assumption was that food was not limiting to gonadal development. 
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Qualitative obseJVations of the 1991 and 1992 commercial catches provide some 
support for this assumption. Livers of cod were not reduced, nor were stomachs 
shrunken. Analysis of s\vmach contents on subsamples in each year revealed that the 
cod in the region were actively feeding on euphausiids and mysid shrimp, or capelin 
(see Howse 1993). 
The final assumption involved photoperiod effects on spawning times. Trinity 
Bay lies at a latitude (4811 N) that is similar to historical offshore spawning locations 
(ca 50' N) of the northeast Newfoundland cod stock (eg. Templeman 1979). 
Therefore, I considered the effect of photoperiod on the timing of spawning by cod to 
be equivalent in Trinity Bay and offshore spawning locations. 
The temperature measurements used in the degrec·day calculations are from 
Station 4, Northwest Ann, Trinity Bay (as in Chapter 3). Again, this station was 
chosen as representative of the area, and it was determined that the degree of variation 
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between stations in the Random Island area was unimportant in tenns of the relatively 
coarse sensitivity of the model and the infrequent biological sampling. 
Temperature profiles were recorded on a monthly basis using a VEMCO Ltd. 
Sealog-TD temperature depth logger(± 0.1' C resolution), from March 1991, to 
August 1992. Data from fifteen months were considered. For each profile in the time 
series the temperature from the surface to the depth of the 00 C isothenn was 
averaged. If the water column was completely < 0° C, the average temperature for the 
entire profile was calculated. The monthly mean temperature was then multiplied by 
the number of days between the sampling day and the previot•.s temperature record. 
This provides the degree-days over the period between temperai:ure rt"cordings. 
(4) DD, = T, [t- (t.,)] 
where: DD = degree-days ('C-day) between recording dates 
1\ = average temperature at time t ("C) 
t = sampling date of temperature profile (day of year) 
t., = previous sampling date (day of yea.: 
MG.Ximum and minimum degree·day values were calculated from Equation 4 
(Figure 4.2), representing the range of possible spawning development degree-days in 
1991 and 1992. These quantities were compared to documented spawning offshore- in 
1991 and 1992 (G. Rose, DFO, St. John's, pers. comm.; Rose 1993), as well as the 
historical average spawning times and temperatures reponed in the literature 
(Templeman 1965, 1979; Myers eta/. 1993) in Table 4.2. The cumulative degree-
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days calculated for documented offshore spawning (Rose 1993) in I 991 was 2.5 times 
greater than the maximum value calculated for the Random Island area (413-160" 
C·day). The ratio of the respective quantities in 1992 was only 1.1:1 (463A20" 
C·day). Even though there was a large difference in cumulative temperature degree-
days between years in Trinity Bay. the timing of the inshore spawning window was 
the same in 1991 and 1992. 
Environmental effects on inshore spawning 
It is probable that a cumulative degree-day equation is too coarse a measure of 
the influence of ambient temperature upon the commencement of sp:1wning in Gadus 
morhua. The incorporation of variation in the temperature field into the model was 
not an improvement over the oocyte development method. This lack of fit to the data 
may have been due to the low resolution of the temperature measurements. Small 
changes in ocean temperature lead to large variations in degree-day levels. The use of 
only one oceanographic station in the calculations may have inhibited the resolution of 
fine scale temperature variation. The temperature data may not adequately reflect the 
thennal experience of the cod. In addition, one of the assumptions of the model stntes 
that adult cod overwintering in the bay move to occupy > 0° C seawater us soon as the 
spring thennocline develops, and thus the model very likely overestimates the 
magnitude of degree-days that portions of the population actually experience. 
Kjesbu's (1993) equations of temperature-dependent oocyte development 
provide estimates of spawning times that fit the observations much better than the 
39 
cumulative degree-day method. Templeman (1979) and Myers eta/. (1993) provide 
historic spawning times of northern Atlantic cod. The model predicts a delay in the 
beginning of the spawning period in Trinity Bay of at least 30 days compared to 
historical spawning offshore. In 1991, adult cod from the Random Island region were 
beginning their main spawning period on the day when offshore spawning (observed 
by Rose 1993) was nearly complete: a difference in spawning season of approximately 
one month. The oocyte model predicts a delay in the beginning of spawning in 
Trinity Bay in 1992 of approximately 18-30 days compared to similar calculations for 
offshore spawning (at 2-J' C). The initiation of offshore spawning was not observed 
in 1992, but the difference in the completion of spawning between inshore and 
offshore was about 10 days. In both 1991 and 1992, cod spawning in Trinity Bay did 
not commence until the most southerly components of offshore cod nonnally complete 
spawning. Model predictions of a delay in spawning by cod of 30 days are in phase 
with observed spawning delays of at least 30 days in 1991, and an absolute minimum 
of 10 days in 1992. 
Supporting evidence for spawning delays arising from cooler temperatures is 
also provided by other field observations. Templeman (1962a) concluded that such a 
delay had occurred in 1961, because many fish examined from the coastal areas of JL 
in July had not spawned. In 1971, spawning in 3L was app.u;;;ntly also delayed, with 
considerable spawning in June and July (Dias 1972). Recently, Hutchings and Myers 
(1994) concluded that interannual variation in the spawning time of cod was 
significantly associated with variation in water temperature pdor to spawning in 
NAFO Divisions 3L and 3Ps. In contrast. Myers <'t ul. (1993) found no obvious 
relationship between spawning or larval emergence time and sea surface temperature 
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in northwest Atlantic cod, and Brander ( 1994) found no association between mean 
temperature and mean date of spawning of cod around the British Isles. Unlike cod 
that overwinter in Trinity Bay, however, cod on the northwest Atlantic shetr and 
around the British Isles are not exposed to ocean temper.ltures below 0" C, near Gadu,'i 
morhua's lower limit of temperature tolerance. 
There are several possible reasons why Kjesbu's oocyte development model, 
with simplified temperature regime, is more effective than the cumulative degree-day 
method. One possibility is that the innuence of degree-days is not udditive in nmurc; 
a non-linear temperaiUre effect is more probable. An allemative is the existence of a 
temperature "threshold", where adult cod ripen over the oceanographic winter, but 
delay spawning until a minimum ambient temperature is reached (eg. 2° C). If this 
alternative expresses the actual relationship, then a cumulative degree-day model 
would mask the development of such a threshold and its effects on the beginning of 
spawning. There are studies involving other species where spawning has been delayed 
in individual fish that were in spawning condition. The holding of maturity stage has 
been reported in female herring (C/upea hare11g11s) (Ware and Tanasichuk 1990) and 
in female capelin (Mal/otu.< vil/osus) (Forberg 1983). Wassennan and Smith (1978) 
state that full-grown oocytes can remain in condition of physiological immaturity for 
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ex fended periods of time until they resume meiosis in response to the appropriate 
stimulus. Tempcr.nure is one such stimulus that may delay the maturation of oocytes 
and spennatocytes (eg. De Vlaming 1972; Crim 1982). 
The behaviour of individual Atlanlic cod overwintering in Trinity Bay may 
have influenced the fit of the oocyte development model to the observed spawning 
times. Goddard (et al. in press) have shown that individual cod in Trinity Bay 
experience different temperature regimes. They suggest that, beginning at the end of 
April, there is a progressive movement of cod out of the sub-zero bonom water and 
into the warming surface layer. Variations in temperature exposure of cod 
overwintering in Trinity Bay would lead to a range of oocyte developmental rates. 
This may shift the interannual peak time of cod spawning, but would have little effect 
on the time of initiation of spawning. It is also likely that individual fish have the 
ability to minimize temperature fluctuations by behavioural means. 
Estimation of the spawning windows also may have been influenced by fish 
that had migrated in from offshore grounds and spawned in the bay. This migratory 
component of the spawning population would have experienced different overwintering 
conditions than cod in Trinity Bay. Such migratory cod would have had to arrive 
inshore relatively early in the spring (May) to have influenced the initiation of 
spawning in Trinity Bay. This is unlikely, as the inshore arrival of migratory cod 
usually has not been observed until June (Templeman 1979; Lear eta/. 1986). In 
1991, cod trap catches did not show the increase of daily landings, and the proportion 
of spent adults, indicative of the arrival of offshore cod, until July (Chen 1993; Rose 
1993; Figure 2.3, this study). 
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The spawning of migratory fish may be a factor in Trinity Bay later in the 
spawning period. For instance, it is possible that the spawning aggregation may have 
been comprised. at least in part, nf recently arrived individuals. If this occurred, it 
would not affect the initialization of the estimated spawning period, but might serve to 
lengthen the window into July, and thus shift the estimated time of "peak" spawning. 
The effects of behaviour and immigration discussed above would only tend to 
change the variance in the timing of spawning, in that they would increase the length 
of the spawning window. They would not, however, affect the initiation of spawning 
in Trinity Bay, which would be driven by cod !hat overwinlered in inshore regions, 
and moved up past the 1hennocJine early in the year. 
Table 4.1: The length of time until the onset of spawning by female Atlantic cod, Gadus morhua. derived from the 
relationship between oocyte dovelopment and water temperature (equations 2 and 3). 
Oocyte diam::ter Time to spawning (days) 
(pm) 9· c 3·c 2•c ,.c o·c .J• c -1.5' c 
300 105.00 159.15 170.57 182.82 195.94 210.00 217.41 
350 79.00 119.74 128.34 137.55 147.42 158.00 163.57 
400 62.00 93.97 100.72 107.95 115.70 124.00 128.37 
450 50.00 75.79 81.23 87.06 93.30 100.00 103.53 
500 42.00 63.66 68.23 73.13 78.37 84.00 86.96 
550 35.00 53.05 56.86 60.94 65.3 1 70.00 72.47 
600 30.00 45.47 48.74 52.23 55.98 60.00 62.12 
650 26.00 39.41 42.24 45.27 48.52 52.00 53.83 
70C 23.00 34.86 37.36 40.05 42.92 46.00 47.62 
750 20.00 30.31 32.49 34.82 37.32 40.00 41.41 
e 
Table 4.2: Spawning times and oocyte developmental period of Atlantic cod (Gadu:; 
morlwa) in Trinity Bay and over the northeast Newfoundland shelf in 1991 
and 1992. 
Location 
Trinity Bay 
NE NF Shelf 
(G. Rose 1993) 
NE NF Shelf 
Historical Average 
(Templeman 1979; 
Myers et at. 1993) 
Spawning 
Window 
(day of year) 
1991 1992 
165-195 165-195 
$165' $185' 
90-164 
(main spawning) 
Avemge Developmental 
Temperature Period 
("C) (days) 
1991 1992 1991 1992 
0.54 1K9 
2.5 2.5 165 165 
3.0 3.0 159 159 
* - Dates of spawning for offshore shoals of nonheast Newfoundland shelf cod in 
1991 and 1992 represent the time at which 90% of the mature females in the sample 
are spent (G. Rose, DFO, St. John's, pers. comm). 
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Figure 4.1: A simulation of the effects of water temperature ("C) 
on the initiation of spawning in individual Atlantic cod (Gadus 
morhua) females in relation to the most mature oocyte diameter, 
after Kjesbu (1993). 
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Figure 4.2: Calculated cumulative degree-days experienced by 
cod (Gadus morhua) overwintering in the Random Island area 
of Trinity Bay, during the years 1991 and 1992. 
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SUMMARY AND CONCLUSIONS 
This study confinns that Atlantic cod spawn in Trinity Bay in the early 
summer on an annual basis. This confirmation is based on l) the observed progressive 
maturation of inshore cod to spawning condition, 2) direct observation of a spawning 
aggregation of cod in Trinity Bay, and 3) the presence of recently spawned (S 10 
days) cod eggs in the study region. The hypothesis that the fine scale distribution of 
spawning is related to hydrographic and bathymetric features needs to be investigated 
further. Only one spawning aggregation of cod was discovered, but its location and 
time of spawning support the hypothesis. There is also some evidence to suggest that 
the temporal distribution of spawning by cod in Trinity Bay is influenced by 
temperature. The timing of the spawning window can be explained by the oocyte 
development model. However, the suitability of a cumulative degree·day model as an 
expression of the influence of ocean temperature on the temporal component of the 
spawning "window" is rejected. 
Future investigations need to address the possibility of a threshold effect of 
temperature on cod spawning by studying fish in the field to determine when final 
oocyte maturation is activated. Future studies should monitor the reproductive 
condition of cod in Trinity Bay on time scales of weeks. Concomitant laboratory 
experimentation would allow the determination of the actual effect of temperature on 
the time of spawning, while contro!Hng for other variables. Field surveys would 
provide a real time comparison of spawning in situ with the results of experimental 
manipulation. This method will increase the accuracy of interpretation of field data. 
In addition, this comparison may allow us to investigate the influence of other 
environmental variables, such as photoperiod and food availability, following the 
allocation of variance due to the effect of temperature. 
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Appendix A: Criteria for detem1ining stages of sexual maturity of cod (Gadus morlma) 
(modified from Morrison 1990) 
STAGE 
0 ·Immature 
I -Ripening 
2- Ripe and 
Spawning 
3 -Spent 
FEMALE 
- Ovary small, translucent 
in small fish and opaque 
in larger fish. 
· Ovary firm, blood vessels 
visible. Ovary becomes opaque 
and cream in colour, individual 
eggs can be seen, blood vessels 
prominent. 
- Ovary fills most of body 
cavity, translucent and opaque 
eggs, eggs easily released 
from vent. 
• Ovary shrunken, soft and 
flabby with whitish cast. 
MALE 
· Testis small and trans-
lucent, more opaque in 
larger fish. 
- Testis larger and pink 
in colour, begin to turn 
white and translucent 
distally. 
· Testis white, spennat-
ozoa easily released from 
vent in later part of stage 
- Proximal testis white 
and flabby, distal testis 
develops translucent 
border as ripe spermat-
ozoa are removed. 
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Appendix 8: Maturity condition of northern Atlantic cod (Gadus morhua) sampled 
from commercial catches in the Random Island area of Trinity Bay, NF, 
from May to September, 1991. 
Date Location Sex Condition 
0 I 2 
May 29 Brook Cove Male 1 6 0 
Female 4 0 0 
June 4 Canon Cove Male 10 6 0 
Female 11 9 0 
June 11 Island Male 14 7 4 1 
Ledge Female 29 14 9 0 
June 13 Island Male 9 0 8 0 
Ledge Female 21 7 6 0 
June 14 Gull Rock Male 46 7 6 31 
Bight Female 56 13 30 12 
June 25 N/A Male 5 4 0 0 
Female 11 8 I 0 
July 8 Manual's Male 8 2 2 1 
Island Female 15 13 2 0 
July 9 Big Island Male 10 7 2 0 1 
Female 10 2 8 0 0 
July 10 N/A Maie 10 6 3 0 
Female 17 4 12 0 
July 31 Bum Point Male 7 3 0 1 3 
Female 11 0 10 0 1 
August! N/A Male 1 1 3 
Female 0 0 7 
August2 Big Island Male 16 0 0 0 16 
Female 27 0 0 36 
August 8 N/A Male 28 15 1 11 
Female 36 I 2 30 
August 16 Brook Cove Male 32 4 4 6 18 
Female 37 0 15 0 22 
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August 19 Brook Cove Mule 57 1 12 36 
Female 67 19 1 46 
August 21 Brook Cove Mule 8 1 0 1 ·!1 
Female 23 0 7 0 16 
August 22 Brook Cove Male 31 0 24 
Female 47 3 43 
August 26 Brook Cove Male 25 0 22 
Female 39 4 33 
August 27 Brook Cove Male 19 1 2 14 
Female 32 6 0 26 
August 28 Brook Cove Male 38 0 27 
Female 50 13 36 
August29 N/A Male 9 1 
Female 11 1 
August 30 N/A Male 2 0 0 0 2 
Female 4 0 2 () 2 
September 3 Brook Cove Male 2 2 2 
Female 0 0 4 
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Appendix C: Maturity condition of northern Atlantic cod (Gadus morhua) sampled 
from commercial catches in the Random Island area of Trinity Bay, NF, 
from May to September, 1992. 
Date Location Sex Condition 
0 I 2 
May 20 Cannon Head Male 15 10 0 0 
Female 10 8 0 0 
May 22 Stron,g Island Male 23 0 23 0 0 
Female 15 3 14 I 0 
May 26 Strong Island Male 91 8 82 0 
Female 108 37 68 0 
May 27 N/A Male 2 0 0 
Female 2 0 0 
May 28 Gull Rock Male 14 7 2 0 
Bight Female 7 6 0 0 
June 3 Cannon Head Male 20 6 5 0 
Female 26 19 0 0 
June 5 Gull Rock Male 21 II 6 4 0 
Bight Female 22 II II 0 0 
June 7 Hungry Cove Male 8 3 3 2 0 
Female 9 2 6 I 0 
June 8 Cannon Head Male 9 4 5 0 0 
Female 10 5 5 0 0 
June 9 Cannon Head Male 20 4 9 7 0 
Female 34 13 20 I 0 
June II Strong Island Male 15 I 5 
Female 18 II 0 
June 16 Gull Rock Male 29 5 18 4 
Bight Female 24 5 16 2 
June 17 Gull Rock Male 40 4 20 13 
Bight Female 47 17 26 3 
June 18 Gull Rock Male 42 18 2 20 
Bight Female 58 30 23 2 
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June 22 Gull Rock Male 27 7 4 
Bight Female 51 31 13 
June 23 Hungry Cove Male 66 39 6 II 10 
Female 66 43 II I II 
June 25 Gull Rock Male 19 13 3 
Bight Female 30 23 4 
June 26 Gull Rock Male II 9 () 
Bight Female 27 20 I 
June 29 Gull Rock Male 15 
Bight Female 10 
July 16 Passenger's Male 7 6 0 
Cove Female 20 15 0 
July 18 Holloway's Male 3 3 0 0 
Rock Female 14 II 0 I 
July 21 Hungry Cove Male 3 3 0 0 
Female II II 0 0 
July 23 Passenger's Male 0 () 
Point Female 0 () 
July 29 Passenger's Male 0 0 
Point Female 0 0 
July 30 Passenger's Male 21 0 12 
Point Female 25 2 13 
August I Holloway's Male 5 0 I 
Rock Female 3 0 0 
August 4 Passenger's Male 12 9 0 0 
Point Female 35 27 0 0 
August 5 Holloway's Male 0 0 
Rock Female 0 0 
August 8 Holloway's Male 2 0 0 
Rock Female 4 0 0 
August 10 East Random Male 10 0 4 
Head Female 10 0 0 
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August II Holloway's Male 13 10 0 0 
Rock Female 9 5 0 0 
August 13 Island Ledge Male 5 5 0 0 0 
Female 12 11 0 0 I 
August 14 Red Cliff Male 26 20 I 
Female 25 21 0 
August17 Middle Male 10 10 0 0 0 
Ledge Female 21 10 0 0 11 
August 18 East Random Male 24 19 3 
Head Female 35 30 4 
August 20 East Random Male 31 27 0 
Head Female 46 34 4 
August21 East Random Male 18 15 2 0 1 
Head Female 30 13 3 0 14 
August 22 Holloway's Male 0 
Rock Female 0 
August 25 Passenger's Male 5 3 0 2 0 
Point Female 14 14 0 0 0 
August26 New Found Male 5 0 0 
Out Female 9 0 0 
August 27 Passenger's Male 4 4 0 0 
Point Female 12 10 0 0 
August 28 Holloway's Male 8 7 0 0 
Rock FemaJt 10 8 0 0 
August 19 Holloway's Male 3 0 
Rock Female 3 0 
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Appendix D: Maturity condition of Atlantic cod (Gadus morluw) caught over Hean's 
Ease Ledge, Trinity Bay, NF, from July 2-7, 1993. n = 117 
Dare Numbers ar maturity stage 
0 
July 2 23 13 
July 3 II 
July 6 13 
July 7 0 4 




